We demonstrate doubly resonant second harmonic generation from 1550 to 775 nm in microdisks fabricated from lithium niobate on insulator wafers. We use a novel phase matching technique to achieve a conversion efficiency of 0.167%/mW. The microdisks were characterized with a tapered optical fiber probe designed to operate at both wavelengths ( Figure 1a ). Pump light was coupled into the disk and SHG signal extracted through the same taper [4] .
efficiency = 0.167%/mW
Phase matching for the SHG process was accomplished using geometric birefringence and the d 31 nonlinear coefficient. The thin device layer in our LNOI wafers is a fraction of a wavelength thick, which lowers the effective index of microdisk SHG signal modes (vertically polarized) relative to the pump modes (horizontally polarized). This can be used to compensate for dispersion in phase matching of nonlinear processes.
Using finite element method (FEM) modeling (Fig. 1d) , we conducted a numerical search algorithm to find resonator modes in phase matched harmonic pairs. For example, the microdisk in Figure 1d has thickness t = 187nm and radius r = 20.4μm. The left image shows the profile of the pump mode with azimuthal eigenvalue M pump = 116 and free space wavelength λ pump = 1550.34 nm. The right image shows the profile of the signal mode with M SHG = 232 = 2× M pump and λ SHG = 775.17 nm = λ pump /2. These two modes are thus perfectly phase matched for this disk geometry. To compensate for uncertainty in the thickness of the device layer and guarantee the fabrication of a disk with a phase matched mode pair, an array of microdisks with finely varying radii (12 nm step) was fabricated on each chip.
Pumping with mW level powers, the SHG signal is observed on a top-view microscope (Fig. 1e, inset) and extracted with the tapered fiber probe. A quadratic fit of the data (Fig. 1e) yields a conversion efficiency of 0.167%/mW at a pump wavelength λ pump = 1600 nm. Based on a coupled mode theory model [4] , we calculate, using our experimental parameters, that our microdisk resonators should reach a peak efficiency of 42% at a critical pump power of 2.15W. We note, however, that the relatively large critical power is limited by our control of the waveguide loading rates. The dual color taper used in our experiment produces a much higher loading rate for the pump than for the second harmonic, which raises the critical power at which peak efficiency occurs [4] . Independent control of the loading rates (e.g. with separate integrated waveguides) allowing simultaneous critical coupling of the pump and second harmonic disk modes to the waveguides could lower the critical power to 400mW, with a conversion efficiency of 33%.
